The Association of BMI and Waist
Circumference with Diabetes in an

International Context:
The CODA (Collaborative Study of
Obesity and Diabetes in Adults)
Project

RESEARCH QUESTIONS
*There is overwhelming evidence that
obesity is strongly associated with type 2
diabetes mellitus (T2DM)
*Which is the better predictor of Type 2
diabetes, WC or BMI?
*What is the shape of the relation?
*Is the association the same in different
populations?
*Is the association the same in different age
groups, and for both sexes?

PROTOCOL
Multinational collaborative project
Inclusion criteria

Baseline glucose measurements (fasting
glucose and/or oral glucose tolerance test) or
incident diabetes

Baseline measurement of abdominal obesity




METHODS

Analyses restricted to studies with information on
both WC and BMI (values > +4 SDs from the
mean in each study were removed)

Age range restricted to > 18 years at baseline

Age- and sex-specific analyses used generalized
linear mixed models, with random effects

METHODS
*Age- and sex-adjusted risk ratios for diabetes were
predicted from BMI and WC
+Single parameter models:

—Logistic regression model for baseline data

—Proportional hazards regression model for follow-up
data

—Estimated absolute risk curves
*Multi-parameter models:
—Logistic or Poisson predicted in 9 categories

—Potential bias because each parameter mixes
studies differently

Ilialleles 0“tcﬂmes [prevalent or incident)

© ADA definition 2003 (FPG > 126 mg/dl)

2 WHO definition 1999 (FPG >126 mg/dI or
plasma glucose >200 mg/dl 2-h OGTT)

o Self-reported diabetes (medication, physician
diagnosis, etc.)

2 Medication per registry

=Newly diagnosed diabetes: ADA or WHO minus self-
report
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ONEWLY-DIAGNOSED ADADIABETES | SDofWC=13.8
predicted from Waist Circumference OR (95% Cl) =2.21

Logistic model / cross-section (121

Test for heterogeneity:
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Odds ratio per 1 SD

 NEWLY-DIAGNOSED ADA DIABETES | op o suics 0
predicted from BMI
Logistic model / cross-section

OR (95% Cl) =1.93
(1.77-2.11)
Test for heterogeneity:
211.8, df=27, p<0.001
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Odds ratio per 1 SD

“INCIDENT DIABETES predicted from SD of WC=13.3
Waist Circumference HR (95% Cl) =2.10

Proportional hazards model / prospective (1.90-2.33)
Test for heterogeneity:

ARIC = 61.9, df=20, p<0.001
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Note: CARDIA HR per 1 SD for objective
measure of DM was 2.6 (95%CI: 2.3 to 2.9)
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" INCIDENT DIABETES predicted from BMI SD of BMI=4.6

Proportional hazards model / prospective HR (95% CI)
(1.68-2.02)
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Test for heterogeneity.

45.0, df=20, p<0.001

Note: CARDIA HR per 1 SD for objective
measure of DM was 1.95 (95%Cl: 1.8 10 2.1)
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Pdoled estim%]es’ for BMI and WC association for newly diagnosed

and incident diabetes stratified by age group and gender

Newly diagnosed (ADA)
18-29
3044
4559
60-74

75+

Men
Women

Incident diabetes

1829
30-44
4559
60-74

75+

Men

Women

BMI wc

OR 95% Cl OR 95% Cl

(12,14) 158  (1517)  Heterog <0.0001
(16,1.7) 1 (18,20) - 4 <0.0001
(18,19 ( ) 3044vs.4559  <0.0001
(21.23)  4550vs.60-74 00063
(20,22 6074 vs. 75+ 0.4591
(20,23) Men vs. women
(20,24)

(17,20) <0.0001
(18,2.1) -29 vs. 30-44 0.0129
(1.7,19) (1.9,22) - -59 <0.0001
(1.7,20) (1.9,22) - 0.0002
(16,2.1) (1.8,2.3) 0.6279
(1.6,1.9)
(16,19)

<0.0001
<0.0001
<0.0001
0.0209
0.1519
0.8741

<0.0001
0.0188
<0.0001
0.1380
05100

Predicted risk of diabetes for a 50-year old individual based
on pooled data, adjusted by study
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BMI (kg/m?2) distribution
N computed for centers including newly diagnosed
diahetes outcome

WC [cm) distribution
N computed for centers with newly diagnosed
diabetes outcome
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Absolute % with newly diagnosed ADA diabetes:

comparison of single parameter and multi-parameter
logistic models
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Absolute % with incident diabetes: comparison of single

parameter and multi-parameter proportional hazards models
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Multiple meta;regreséi n of within-study sex- and age-

adjusted In(OR) or In(HR) for diabetes per SD of the given

obesity indicator, with study-level covariates

Newly diagnosed (ADA) Estimate

Prevalence of newly diagnosed ~ -0.0185

Obesity indicator (mean) -0.0105

Age (mean) 0.0119

Incident diabetes Estimate
Diabetes rate (%)

Obesity indicator (mean)

Age (mean)

Follow up years (mean)

0.0066

0.0155

0.0051

0.0329
0.0149
0.0036
0.0093

P-value Estimate

Estimate

SE

0.0374
0.0062
0.0041
0.0110

P-value

P-value

Multiple meta-regression of within-study waist measurement
protocol: In(OR) or In(HR) for diabetes

Newly diagnosed (ADA)

Estimate

Difference from zero:
Narrowest waist (n=3/3)

Difference from
narrowest:

Midpoint rib/crest (n=15/8) 0.11

Just above crest (n=1/1) 047

Umbilicus (n=9/9)

SE

Incident Diabetes

P-value | Estimate ~ SE alue




Comparison of -2 log likelihood (-2LL) for various logistic
models of newly-diagnosed ADA diabetes
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Comparison of -2 log likelihood (-2LL) for various Poisson
models of incident diabetes

o | tosss | san| ez |
esoRtem | tossz | sen| arsso |
:

t', green is ‘best' model by likelihood criterion, amongst models presented

CONCLUSIONS
Motivation for problem

Various evidence suggests that visceral fat is a stronger
predictor of diabetes than is subcutaneous fat

It would be desirable for screening and prediction to use a
measure of obesity that is more specific to visceral fat

Waist circumference is a reasonable candidate, perhaps
modified for frame size by height or hip circumference, while
BMI intuitively relates to fat generally.

However, the correlation between waist and BMI is about 0.8

Therefore we ask:

Empirically, does waist offer an improvement over BMI in
prediction of diabetes?




CONCLUSIONS

Waist circumference and BMI are both strongly and consistently
related to diabetes risk

The association is largely similar using

newly diagnosed ADA

incident diabetes

total prevalence (data not shown)

newly diagnosed WHO criterion diabetes (data not shown)
Even modest overweight is associated with increased risk

Using several different analytic techniques, waist circumference
is consistently a slightly better predictor of risk diabetes than
BMI

CONCLUSIONS
Statistically significant heterogeneity between studies

Risk gradients similar for men and women, slightly stronger at
older ages

Diabetes prevalence or incidence in the population is inversely
related to the diabetes-obesity association, and explain part of
the heterogeneity
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